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© Optical connector and splicer. 



© An optical connector and splicer including, an 
optical fiber positioning member for optical coupling 
of optical fibers where the coupling is assisted by at 
least two guide pins. The optical fiber positioning 
member comprises a substrate plate and a flat plate. 
The substrate plate has optical fiber grooves and 
guide pin grooves each formed at one surface there- 
of for positioning the one optical fibers and said 
guide pins, respectively. The flat plate has a flat 
51 surface confronting with the grooved surface of the 
^substrate plate. An exposed area is formed on a part 
^fof the substrate plate where- said flat plate is not 
joined for facilitating an insertion of the optical fibers 
into the optical fiber grooves. A method of the op- 
JTtical connector and splicer comprises the steps of: 
^preparing a substrate plate assembly form a single 
wafer made of a hard and brittle material; continu- 
Oously forming a predetermined pattern of optical 
^ fiber grooves and guide pin grooves on a surface of 
UJsaid substrate plate assembly; bonding at least one 
flat plate to said surface of said substrate plate 
assembly with an adhesive thin layer, so that optical 



fiber groove holes and guide pin groove holes are 
provided; cutting a bonded assembly into sections 
each having predetermined dimensions of said posi- 
tioning member; and fixing the optical fibers in said 
optical fiber groove holes by bonding with an adhe- 
sive. 

FIG. 8 
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OPTICAL CONNECTOR AND SPLICER 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical con- 
nector and splicer that allow multiple optical fibers 
to be coupled precisely when connecting or switch- 
ing operation is performed on lightwave commu- 
nication systems. The present invention also re- 
lates to a method of producing such connector and 
splicer. The connector is used to detachably cou- 
ple optical fibers and the splicer is used to perma- 
nently couple optical fibers. 



Prior Art 

Figs. IA and IB show the concept of the con- 
ventional structure of a mufti-fiber optical connector 
ferrule which uses two guide pins in connecting 
arrays of coated optical fibers (ribbon fiber). Fig. IA 
is a top view of the conventional structure and Fig. 
IB is a side view as seen from the side indicated 
by arrows X a -X* in Fig. IA 

In Figs. IA and IB, the numeral 10 denotes an 
array of coated optical fibers; II is an individual 
bare optical fiber 21 is a connector ferrule, 22 is a 
guide pin, and 23 is a guide pin hole into which the 
guide pin 22 provided on the ferrule 21 is to be 
inserted. 

The mufti-fiber optical connector ferrule 21 is 
entirely formed by plastic molding and features a 
positioning accuracy of 3 - 4 urn or below that can 
be attained by employing precisely dimensioned 
molds and an appropriate molding technique. The 
connector ferrule shown in Figs. IA and IB assumes 
that each of the coated fiber arrays to be con- 
nected contains five optical fibers II which are ar- 
ranged linearly at a pitch of 0.3 mm. The guide 
pins 22 each having a diameter of 0.7 mm$ are 
spaced from each other at a pitch of 3.6 mm. 

Simultaneous coupling of the optical fibers II 
can be achieved in the following manner two guide 
pins 22 are inserted into guide pin holes 23 formed 
in one connector ferrule, then inserted into the 
corresponding holes in the other ferrule which is 
positioned in registry with the first ferrule. The two 
ferrules 21 coupled in this way are fixed securely 
by a suitable means such as a clamp which 
presses the rear end of each ferrule and the as- 
sembly is then accommodated in a cylindrical 
housing. 



The multi-fiber optical connector ferrule 21 is 
fabricated by die molding, which proceeds as fol- 
lows: molding pins each having a slightly larger 
outside diameter than an individual optical fiber II 
5 and molding rods that are intended to form holes 
23 for insertion of guide pins are arranged on a 
positioning member in a mold; a molding resin is 
transfermolded into the cavity and left to stand until 
ft cures; subsequently, the molding pins and mold- 
to ing rods are withdrawn so that fiber guide holes 
and guide pin insertion holes are left behind in the 
positioning member. The molding resin may be an 
epoxy resin which can be shaped at low pressures. 
Being entirely formed by plastic molding, the 
ts prior art multi-fiber optical connector has the follow- 
ing problems. 

(1) In plastic molding, variations in the ratio of 
resin shrinking is unavoidable because of the 
change in material or variation in the molding pres- 

20 sure and temperature conditions and ft is impos- 
sible to achieve consistent production with the 
pitch and position accuracies of the shaped article 
being held to I um or below; 

(2) Long and undistored holes for guiding 
25 optical fibers are not easy to form with molding 

pins whose diameter is as small as 0.125 mm$ and 
the fiber guide hole length that can be attained is 
within the range of I to 2 mm, with extreme dif- 
ficulty being encountered in making longer holes 

30 4-5 mm). That is, because of the molding pres- 
sure used or the offsetting in the position of mold- 
ing pins relative to the positioning member, the 
molding pins will deform to produce deformed op- 
tical fiber guide holes, and this will lead to an 

35 increased coupling loss due to fiber bending; 

(3) Plastic materials do not have high dimen- 
sional stability and ft is very difficult to ensure that 
the dimensional change that occurs during molding 
as a result of moisture absorption or in the face of 

40 a change in temperature that amounts to I00°C 
Cue., from -30°C to +70°C) will not exceed I urn; 

(4) Aligned coupling of connector ferrules is 
accomplished by inserting guide pins into corre- 
sponding guide pin holes in the ferrules. However, 

45 the guide pin holes which are formed by resin 
molding are prone to wear or be damaged or 
otherwise deformed when metal guide pins are 
inserted into these holes. As a result, dimensions 
on the submicron order cannot be precisely main- 

so tained and great difficulty is encountered in realiz- 
ing high-precision coupling of optical fibers; 
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(5) Resins are also subject to much greater 
thermal expansion than the quartz of which the 
optical fibers are made and this increases the 
chance of the occurrence of an increased internal 
loss as a result of temperature variations; and 

(6) Dimensional measurement and evaluation 
of the manufactured connector ferrule can only be 
achieved with extreme difficulty because the ferrule 
which is formed by resin molding has sagging end 
edges that defy precise measurements on the sub- 
micron order. 

In order to achieve high-precision coupling of 
optical fibers with the multi-fiber optical connector 
of the type described above, the clearance be- 
tween the guide pin hole 23 and the guide pin 22 is 
desirably as small as possible and, in the actual 
connecting operation, it is necessary to use guide 
pins that provide a clearance of no greater than I 
Urn. However, if, as shown in Fig. 2A, the pitch 
(PI) between two guide pin holes 23 in one ferrule 
2! is larger than the pitch P2 between the guide pin 
holes in the other ferrule by, for example, 4 urn, 
the end surfaces of the two ferrules will not have 
perfect contact with each other and some gap g 
will be left between the two ferrules as shown in 
Fig. 2B. The amount of gap g produced could be 
reduced by exerting an increased pressure when 
coupling the two ferrules but if the pressure applied 
is excessive, either the ferrule or the guide pins 
themselves will break. 

Further, Fig. 3 is a sectional view of a multi- 
fiber silicon chip array connector 31 which is con- 
ventionally used as an optical fiber connecting 
member. Two silicon chip guides 32 that are 
etched on both surfaces are stacked on each other, 
with optical fibers II being aligned on the mating 
surfaces. A silicon guide plates 33 having coupling 
guide grooves is fitted onto the other surface of 
each silicon chip guide 32 and the assembly is 
fixed with a clip plate (not shown) to secure the 
coupling of the fibers. 

The aforementioned silicon chip array connec- 
tor of optical fibers has the following problems. 

(1) In order to assemble the connector, op- 
tical fibers II are placed on one etched silicon chip 
guide 32, and the other silicon chip guide 32 is 
placed in alignment with the fibers. This process 
involves much difficulty when multiple optical fibers 
have to be placed in as many grooves. What is 
more, any dust particles entrapped between the 
grooves and the fibers will cause dimensional er- 
rors. In short, the conventional silicon chip array 
connector has problems in association with the 
ease of assembly and the introduction of dimen- 
sional errors during assembly 

(2) Fiber coupling is .. achieved using guide 
grooves formed by etching but the coupled fibers 
must be subsequently clamped with a clip plate. 



Therefore, the array connector cannot be connect- 
ed or disconnected or switched to another channel 
as readily as in the case of ordinary fiber connec- 
tors. 

5 (3) Silicon is a hard material but, as the 

same time, it is brittle and will be readily nicked at 
side edges to make it difficult to achieve precisely 
guided coupling of fibers. 

(4) The components of the assembled fiber 

70 coupling member are simply joined with a clip 
plate, so that they may separate if exposed to wet 
heat. In other words, the joint provided by the 
coupling member is not highly reliable. 

75 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a multi- 
fiber optical connector ferrule that is free from the 

20 aforementioned problems. 

Another object of the present invention is to 
provide an optical fiber connector ferrule with a 
positioning member, the positioning member being 
provided with grooves for assisting in the position- 
's ing of individual optical fibers and guide pins, and 
comprising a guide substrate and a cover plate 
each being made of a hard and brittle material. The 
hard and brittle material means glass, super-hard 
alloy, cermet, ceramics (oxide, carbide, nitride), 

30 single crystal, polycrystal or the like. 

A further object of the present invention is to 
provide an optical fiber connector ferrule having a 
guide substrate provided with optical fiber grooves 
and guide pin grooves and a guide plate that is to 

35 be placed on said guide substrate to define groove 
holes, said guide substrate being longer than said 
guide plate such that when they are placed on 
each other in registry at one end, part of the optical 
fiber guide grooves will become exposed, the sub- 

40 strate and the plate being bonded together with a 
thin layer of adhesive. 

A still further object of the present invention is 
to provide a process for producing a multi-fiber 
optical connector ferrule that comprises the follow- 

45 ing steps: preparing a guide substrate assembly 
from a single wafer of hard and brittle material by 
continuously performing grinding with the same 
machining tool such as to form a predetermined 
pattern of optical fiber guide grooves and guide pin 

50 grooves in the surface of said wafer; bonding one 
or more flat-surfaced plates to predetermined areas 
of said guide substrate assembly by means of a 
thin layer of adhesive; cutting the bonded assem- 
bly into sections each having the predetermined 

55 dimensions of a guide capillary; and subsequently 
fixing optical fibers in said optical fiber guide 
grooves by bonding with an adhesive. 
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A still further object of the present invention is 
to provide a method of machining an optical fiber 
positioning member, that being characterized as 
follows: more than one set of optical fiber guide 
grooves are formed in the top surface of a sub- 
strate plate by machining; a fiat plate is joined to 
said substrate plate; the joined flat plate is machin- 
ed with a cutting wheel such that part of the optical 
fiber guide grooves in the top surface of the sub- 
strate plate will become exposed, while the assem- 
bly is cut with a cutting wheel into discrete chips of 
positioning member wherein part of the optical fiber 
guide grooves is exposed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. LA and IB show the concept of a con- 
ventional structure of a multi-fiber optical connector 
ferrule which uses two guide pins in connecting 
two arrays of coated optical fibers. 

Figs. 2A and 2B are schematic drawings 
illustrating the problems encountered in fiber cou- 
pling with the conventional connector ferrule. 

Fig. 3 is a sectional view of a multi-fiber 
optical silicon chip array connector, which is con- 
ventionally used as an optical fiber connecting 
member. 

Figs. 4A through 4C are schematic drawings 
of a multi-fiber optical connector ferrule according 
to one embodiment of the present invention, in 
which Fig. 4A is a longitudinal section. Fig. 4B is a 
cross section of Fig. 4A as taken on line X, -X, and 
Rg. 40 is a section of Fig. 4A as seen from the 
side indicated by arrows X 2 -X 2 . 

Rg. 5 is a perspective view of a positioning 
member that is a basic component of the multi- 
fiber optical connector ferrule of the present inven- 
tion. 

Rg. 6 is a longitudinal section of a multi-fiber 
optical connector employing the connector ferrule 
of the present invention shown in Rgs. 4A to 4C. 

Rg. 7 is a general view of two coupled units 
of the connector shown in Rg. 6. 

Rg. 8 is a perspective view of a multi-fiber 
optical connector ferrule according to another em- 
bodiment of the present invention. 

Rg. 9 is a perspective view of a multi-fiber 
optical connector ferrule according to a modified 
embodiment of the Rg. 8. 

Rg. IOA is a schematic drawing of two units 
of the multi-fiber connector ferrule of the present 
invention in an uncoupled state. 

Rg. IOB is a schematic drawing of two units 
shown in Rg. IOA in a coupled state. 

Rgs. IIA and IIB are schematic drawings of 
the guide capillary which is one component of the 
ferrule of the present invention, in which Rg. IIA is 



a perspective view and Rg. IIB is a perspective 
view of the guide capillary which is accommodated 
into a lower housing. 

Rg. 12 is a longitudinal section of the multi- 

s fiber optical connector ferrule of the present inven- 
tion with optical fibers being installed in the ferrule. 

Rg. 13 is a cross section showing a modified 
embodiment of the lower housing wherein a groove 
is formed at the comers of its bottom. 

io Rgs. I4A and I4B are schematic drawings of 

an optical fiber connector according to a still further 
embodiment of the present invention, in which Rg. 
I4A is a front view of a ferrule end, and Rg. 14B is a 
top view of the ferrule without the flat plate shown 

75 in Rg. MA. 

Rg. 15 is a top view of a ferrule that is 
connected to another ferrule having a different 
pitch between the two guide pin holes. 

Rg. 16 is a schematic drawing that illustrates 

20 the mode of action of the enlarged-clearance pro- 
viding portion shown in Rg. 15. 

Rgs. 17A and I7B are schematic drawings of 
an optical fiber connector according to a still further 
embodiment of the present invention, in which Rg. 

25 I7A is a perspective view and Rg. I7B is a longitu- 
dinal section taken through the center of the con- 
nector shown in Rg. I7A. 

Rg. I8A through I8D are schematic drawings 
of an optical fiber connector according to a still 

30 further embodiment of the present invention, in 
which Rg. I8A is a perspective view of an optical 
fiber guide member, Rg. I8B is a perspective view 
of a generally rectangular sleeve, Rg. I8C is a 
longitudinal section of the optical fiber connector 

35 with optical fibers in which the fiber guide member 
is accommodated in the generally rectangular 
sleeve, and Rg. I8D is a front view of the right- 
hand end of Rg. 18C with the optical fibers being 
taken away. 

40 Rgs. I9A through I9E are respectively - 

schematic drawings showing various modifications 
of the generally rectangular sleeve. 

Rg. 20 is a schematic drawing showing a 
modified method of inserting optical fibers into the 
45 fiber guide member. 

Rg. 21 is a side view showing two units of 
the connector of the present invention which are 
fixed in position with a fastener. 

Rg. 22 is a side view showing two units of 
so the connector which are accommodated in a gen- 
erally rectangular sleeve having lateral clamp 
plates and fixed in position with a fastener. 

Rgs. 23A through 23D show the sequence of 
procedures according to one embodiment of the 
55 present invention. 

Rgs. 24A through 24E show the sequence of 
procedures according to another embodiment of 
the present invention. 



4 



7 



0 241 724 



8 



Rg. 25 is a perspective view of a multi-fiber 
precision sleeve or splicer that is produced by the 
machining method of the present invention. 

Figs. 26A and 26B are schematic drawings 
of a multi-fiber optical connector ferrule that is 
produced by the machining method of the present 
invention, in which Fig. 26A is a perspective view 
and Fig. 26B is a longitudinal section of Fig. 26A. 

Fig. 27 is a sectional view of a positioning 
member according to a modified embodiment of 
the present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First it should be noted that Figs. 5 and 25 are 
principal drawings showing a positioning member 
and a splicer according to the present invention. 

The preferred embodiments of the present in- 
vention will be described with reference to the 
accompanying drawings. 

Figs. 4A to 4C are schematic drawings of a 
multi-fiber optical connector ferrule according to 
one embodiment of the present invention. Fig. 4A 
shows a longitudinal section of the ferrule; Fig. 4B 
shows a cross section of Fig. 4A as taken on line 
X, -X,; and Fig. 4C shows a section of Fig. 4A as 
seen from the side indicated by arrows X 2 -X 3 . Fig. 
5 is a perspective view of a positioning member (or 
a guide capillary) that is a basic component of the 
multi-fiber optical connector ferrule of the present 
invention. As shown in Fig. 4A and Fig. 5, the 
positioning member generally indicated at A is 
composed of a substrate I and a cover plate (or a 
flat plate) 2 each being formed of a hard and brittle 
material such as silicon, ceramics or glass. The 
substrate I is provided with optical fiber grooves 3 
and guide pin grooves 4 that are formed by a high- 
precision grinding technique. The cover plate 2 is 
flat-surfaced on both sides and is shorter than the 
substrate I so that when the two elements are 
assembled together, part of the positioning grooves 
3 and 4 will become exposed in an area 5. The 
exposed area 5 which is formed when the substrate 
I is combined with the cover plate 2 has the advan- 
tage of greatly facilitating the insertion of optical 
fibers II into the positioning member. In addition, 
this area permits the positioning member A to be 
combined with a plastic housing 6 (to be described 
below) without accomplishing an extra and tedious 
job of aligning the holes into which the optical 
fibers are to be inserted. As a result, the entire 
assembly of ferrule can be constructed at a high 
production rate. 



The flat surface of the cover plate 2 defines 
optical fiber groove holes and guide pin groove 
holes for inserting the optical fibers and the guide 
pins. However, if parts of cover plate 2 surrounding 

5 the optical fibers or the guide pins are flat, the flat 
surface of the cover plate 2 may have steps 9 
where the optical fiber groove holes or the guide 
pin groove holes are formed as shown in Fig. 27. 
As the optical fiber groove hole and the guide pin 

io hole are essentially defined by an inscribed circle 
of the triangle which is formed by assembling the 
substrate I and the cover plate together, the optical 
fiber groove and the guide pin groove may be 
expressed as a V-shaped groove, respectively. 

75 The positioning member A is accommodated 
within a plastic housing 6 by molding so as to 
provide a complete assembly of multi-fiber optical 
connector ferrule. The top of the plastic housing 6 
is shorter than the length of the positioning mem- 

20 ber A so that the latter will form two projecting 
areas 7 and 8. These two projecting areas also 
serve as portions at which the positioning member 
A is pressed with an upper mold during transfer 
molding of the plastic housing 6. 

25 Fig. 6 shows a longitudinal section of a multi- 

fiber optical connector employing the connector 
ferrule of the present invention shown in Fig. 4A to 
4C. The individual optical fibers II in the coated 
fiber array 10 are fixed in alignment in the position- 

30 ing member A along the fiber grooves 3, and a 
cover housing 12 is provided both on the exposed 
area 5 of the substrate I and on the exposed area 7 
of the cover plate 2. A rubber boot 13 is provided at 
one end of each of the cover housing 12 and the 

35 plastic housing 6 so as to complete the multi-fiber 
optical connector B. At the other end of the con- 
nector, the positioning member A projects beyond 
the plastic housing 6. 

Fig. 7 shows the general view of two optical 

40 fiber connectors B coupled together. The units of 
the connector B shown in Fig. 6 are coupled to- 
gether, with their alignment achieved by guide pins 
(not shown) inserted into guide pin grooves 3 pro- 
vided in each of the positioning members A, and 

45 the coupling of the two optical fiber connectors B is 
secured by mounting a spring clip 14 over the 
connectors. 

The conventional optical fiber connector ferrule 
the entire part of which is formed by plastic mold- 
so ing cannot be fabricated to a very high accuracy 
within 1 urn. The connector ferrule of the present 
invention employs a positioning member that is 
formed of a hard and brittle material which is highly 
susceptible to grinding (shaving), or an ultrahigh- 
55 precision machining technique and, as a result, the 
connector ferrule can be fabricated to a high accu- 
racy within I urn. In particular, silicon is a material 
that is highly suitable for submicron grindability 
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since it can be machined for a grinding (shaving) 
ratio of at least 30,000 to 40,000 or more if the 
grindstone and working conditions are property se- 
lected. Machinable ceramics doped with magne- 
sium oxide or sulfur, as well as glass are also 
capable of achieving high grinding ratios within the 
range of 10,000 - 20,000 and can advantageously 
be worked to provide extremely high accuracy or 
specular surfaces. Using a grindstone, the grinding 
(shaving) technique is capable of readily forming 
grooves having a length of 4 - 5 cm. Even if the 
grooves of this length are divided into as many as 
10 sections, the individual grooves have a length of 
4-5 mm, which is much longer than has been 
attainable by plastic molding. 

In plastic molding that is employed to make the 
conventional optical fiber connector ferrule, dimen- 
sional variations due to moisture absorption and 
temperature changes are unavoidable because of 
the inherent properties of the resin material used. 
The connector ferrule of the present invention uses 
silicon, ceramics or glass as the material of the 
positioning member and they are much more ther- 
mally stable than plastics (0.3 - 0.7 * lO" 5 °C as 
compared with the plastic's 3 x 10"* °C in terms of 
thermal expansion coefficient). Particularly high re- 
liability and resistance to environmental factors can 
be attained by using quartz glass which has a 
thermal expansion coefficient of 0.5 * 10"* °C. 

In the optical fiber connector ferrule of the 
present invention, the cover plate of the positioning 
member is shorter than the substrate so that part of 
the grooves formed in the surface of the sub s tr ate 
will become exposed when the two members are 
assembled together. The exposed area has the 
advantage of greatly facilitating the insertion of 
optical fibers into the optical fiber positioning mem- 
ber. In, addition, this area permits the positioning 
member to be combined with a plastic housing 
without .accomplishing an extra and tedious job of 
aligning^the holes into which the optical fibers are 
to be inserted. As a result, the entire assembly of 
ferrule can be constructed at a high production 
rate. 

In the experiment of this embodiment, a sub- 
strate for a positioning member was prepared by 
automatic grinding of a 3 mm thick silicon chip with 
a diamond wheel having an edge angle of 60°. The 
same grinding wheel was used to form guide pin 
grooves and optical fiber grooves in the surface of 
the substrate,, with the cutting depth of the wheel 
being appropriately adjusted. The making of optical 
fiber grooves assumed the incorporation of five 
optical fibers: in a single coated fiber array and all 
of the grooves formed had a length of 50 mm. The 
variations in the pitch and- depth of the grooves 
formed in the substrate were evaluated automati- 
cally for 100 samples (n = 100) by optical measure- 



ment The accuracy of grinding was found to be 
very high since the amount of offset from the 
design values was 0-23 um on average and 0.47 
urn at maximum. 

5 The worked silicon substrate was divided into 

10 sections, each of which was combined with a 
cover plate formed of a surface-ground silicon chip 
having a length of 8 mm, so as to prepare a 
positioning member having part of the grooves 

io exposed by a length of 2 mm. The positioning 
member was then inserted into a mold and molded 
in an epoxy resin at low pressure to form an optical 
fiber connector ferrule having the construction 
shown in Fig. 4A - 4C, with the positioning member 

75 being accommodated in a plastic housing except 
for a portion that projected from an end of the 
plastic housing by a length of about 2 mm. An 
adhesive was injected into the optical fiber grooves 
before insertion of 10 single-mode fibers having an 

20 outer diameter of 125 um and a core diameter of 10 
um. Thereafter, a cover housing was mounted and 
the projecting end of the positioning member was 
ground and polished to make a multi-fiber optical 
connector of the type shown in Fig. 6. 

25 Two units of such multi-fiber optical connector 

were coupled together by inserting guide pins each 
having a diameter of 0.7 mm and the coupling was 
secured by means of a spring dip that was moun- 
ted over the connectors as shown in Fig. 7. There- 

30 after, the coupling loss and other performance 
characteristics of the connectors were evaluated. 
For 120 samples (n = 120), the coupling loss was 
very low, ie, 022 dB on average and 0.62 dB at 
maximum, with an index-matching medium. The 

35 connector performance was very stable in that the 
variation in coupling loss was no more than 0.05 
dB in a heat cycle test (-30°C to +70°C) and in a 
wet heat resistance test conducted at 60 °C and 
95% RH. In addition, the connector ferrule of the 

40 present invention can be readily assembled be- 
cause individual optical fibers have only to be slide 
into the ferrule after the fiber ends are brought into 
contact with the area in which the optical fiber 
grooves are exposed. 

45 The multi-fiber optical connector of the present 

invention has the following advantages. 

(1) The positioning member is formed of a 
hard and brittle material such as silicon or ceram- 
ics that has a grinding ratio of at least 10,000 and 

so dimensional accuracies better than 0.5 um can be 
achieved at a high production rate. As a result 
multi-fiber optical connector ferrules can be fab- 
ricated with accuracies better than 1 um which have 
been unattainable with the prior art product made 

55 by plastic molding. 

(2) Because of this advantage, the ferrule of 
the present invention can satisfactorily be used in 
commercial fabrication of a multi-fiber optical con- 
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nector for providing connection of single-mode fi- 
bers having a core diameter of 10 am. The average 
coupling loss that occurs in the connector is only 
0.22 dB and is much lower than the heretofore 
attainable values which are approximately I - 2 dB. 

(3) By employing a grinding technique, op- 
tical fiber grooves as long as 4 - 5 mm can be 
formed and they permit optical fibers to be guided 
through the positioning member at a reduced 
bending angle. As a consequence, a low-loss multi- 
fiber optical connector ferrule can be attained. 

(4) Alignment of optical fibers and guide pins 
is realized by means of a material that has a 
smaller thermal expansion coefficient than the 
heretofore used molded plastic part and, hence, a 
ferrule having superior heat stability can be at- 
tained. Since the material used also has high resis- 
tance to moisture absorption, the ferrule of the 
present invention is stable in exposure to wet heat. 

(5) Part of the optical fiber grooves in the 
substrate is exposed and individual optical fibers 
can be readily inserted into the grooves with their 
ends being held in contact with this exposed area. 

(6) The positioning member is accommo- 
dated in a plastic housing in such a manner that 
the former projects slightly from an end of the 
housing and this allows for efficient grinding polish- 
ing operations since they have only to be per- 
formed on the projecting end of the positioning 
member. 

Fig. 8 is perspective views showing another 
embodiments of the multi-fiber optical connector 
ferrule of the present invention. As shown, the 
multi-fiber optical connector ferrule of the present 
invention has a guide capillary (or a positioning 
member) 40 accommodated within a housing 6. 
The guide capillary 40 is composed of a guide 
substrate I and a guide plate 2 that are bonded 
together, with the plate 2 being placed on the 
substrate I. The housing 6 is composed of a com- 
bination of a lower housing 41 and a top housing 
42. The lower housing 41 is provided at the rear 
end with a notch 43 into which a clamp 24 is urged 
when it is mounted over two units of the ferrule of 
the present invention to fix them in position as 
shown in Fig. I0B. 

Fig. 9 shows a modified embodiment wherein 
the area that is to be present by the clamp is 
increased by forming a flange 4la on both sides of 
the rear end of the lower housing 41 as an integral 
part of the multi-fiber optical connector ferrule 
shown in Fig. 8. 



Rgs. HA and 1KB are schematic drawings of the 
guide capillary which is the principal component of 
the multi-fiber optical connector ferrule of the 
present invention; Fig. HA is a perspective view and 
5 Fig. IIB is a perspective view of the guide capillary 
40 of Fig. HA that is accommodated into the lower 
housing 41. 

The guide capillary 40 is a combination of the 
guide substrate I and the guide plate 2 that are 

w bonded together with the plate 2 being placed on 
the substrate I. Each of the guide substrate I and 
the guide plate 2 is formed of a hard and brittle 
material such as, for example, silicon, free-cutting 
ceramic or glass. 

75 The top surface of the guide substrate I is 
provided with V-shaped optical fiber guide grooves 
3 and guide pin grooves 4 that are formed by 
grinding (shaving) work. When the flat-surfaced 
guide plate 2 is placed on the guide substrate I, 

20 groove holes are defined between the two mem- 
bers. The guide substrate I is longer than the guide 
plate 2 which is to be placed on it The two 
members are bonded together with a thin layer of 
adhesive 16, which may be low-melting point glass, 

25 being provided therebetween. When the guide 
plate 2 is placed on the substrate I in registry at 
one end, part of the guide pin grooves 4 and 
optical fiber guide grooves 3 will become exposed 
in a longitudinal direction. 

30 The guide capillary 40 having the construction 

described above is accommodated into the lower 
housing 41, with one end of the capillary projecting 
beyond the housing (by a length 1 as indicated in 
Fig. 12) as shown in Fig. IIB. The top housing 42 is 

3S then placed over the guide capillary 40 to form a 
multi-fiber optical connector ferrule of the type 
shown in Fig. 8. 

Fig. 12 is a longitudinal section of this multi- 
fiber optical connector ferrule with optical fibers II 

40 being installed in the ferrule. 

Both the lower housing 41 and the top housing 
42 that are to be combined with each other to 
make a complete housing 6 are formed by plastic 
molding. The shape of the lower housing 41 is such 

45 that it covers the lateral sides of the guide capillary 
40 accommodated in it The interior wall of the 
lower housing 41 is provided with a step 45 that 
assists in the positioning of the guide capillary 40 
and a step 44 having a sufficient height to allow for 

50 fixing of an array of coated optical fibers 10. The 
inside wall of the top housing 42 is also provided 
with a step 44' whose height is sufficient to allow 
for fixing of the fiber array 10. 

After the guide capillary 40 is placed within the 

55 lower housing 41, the rear end of the capillary is 
brought into contact with the contact face 46 
formed by the step 45 and fixed in position with an 
adhesive. As shown in Fig. 13, grooves 47 may be 
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provided at the corners of the bottom of the lower 
housing 41 and such grooves serve as effective 
channels for relieving the adhesive used to bond 
the capillary 40 to the contact face 46. 

Figs. K)A and 10B show how two units of the 
multi-fiber optical connector ferrule of the present 
invention are coupled together; Fig. I0A shows the 
ferrules in an uncoupled state and Fig. I0B shows 
them in a coupled state. 

The two units of multi-fiber optical connector 21 
are coupled together by means of two guide pins 
22 and their coupling is secured by mounting a 
clamp 24 over the ferrules in such a manner that it 
engages the notch 43 in the rear end of each 
ferrule. The area of engagement between the 
clamp and each ferrule can be increased by for- 
ming flanges 41a in the rear end of the housing 6 
as shown in Fig. 9. In Figs. I0A and I0B, the 
numeral 13 denotes a rubber boot capped over the 
coated fiber array 10. 

A wafer of silicon as a hard and brittle material 
was provided and optical fiber guide grooves and 
guide pin grooves were formed in the top surface 
of the wafer by performing continuous grinding 
(shaving) with a diamond wheel. As a result, a 
guide substrate assembly was produced. In the 
making of this assembly, one and the same dia- 
mond wheel was employed. A flat-surfaced silicon 
plate was provided in a separate step and its 
surface was oxidized. Thereafter, an adhesive such 
as photo-resist or low-melting glass, was formed in 
a thin film (ca. 0.1 um thick) on the oxidized surface 
of the silicon plate by a suitable technique such as 
sputtering, spin-coating or vacuum vapor. This sili- 
con plate with a thin film of adhesive was placed 
on a predetermined area of the guide substrate 
assembly and the combination was heated at about 
500°C, followed by cooling until the two members 
firmly adhered to each other. The unitary assembly 
was cut to chips of a predetermined shape so as to 
make guide capillaries. 

Typical dimensions of the guide capillaries 
were as follows: 7 mm wide, 22 mm thick, 8 mm 
in overall length, and 3 mm for the length of the 
area where the optical fiber guide grooves were 
exposed. The guide substrate had two guide pin 
grooves (0.7 mm<j>) that were spaced from each 
other at a pitch of 3.6 mm while five optical fiber 
guide grooves were formed at a pitch of 0.3 mm. 
These V-shaped grooves were all formed at the 
same angle which was 60° in the experiment de- 
scribed above. 

The guide capillary was subsequently placed 
within a lower housing that had been prepared by 
injection molding and the two members were fixed 
by bonding with an adhesive. The bottom of the 
lower housing had two steps, one being used to fix 
the guide capillary in position and the other provid- 



ing an area that was as large as the size of the 
coated fiber array to allow it to be fixed in position. 
The overall length of the lower housing was 13 mm 
and the fiber array fixing area was 5 mm long. 

s As shown in Fig. 12, one end of the guide 

capillary projected slightly beyond the housing (by 
a length 1) so as to facilitate subsequent grinding 
and polishing of the capillary end. The amount of 
projection of the capillary was about 0.5 mm in the 

io experiment 

Five optical fibers were inserted into the guide 
capillary in the lower housing and were fixed in 
position with an adhesive. A top housing was 
placed on the capillary and combined with the 

75 lower housing to make a complete multi-fiber op- 
tical connector ferrule. The ferrule was then heat 
cured and the projecting end face of the capillary 
was ground and polished. 

Two units of the so fabricated multi-fiber op- 

20 tical connector ferrule were coupled by means of 
two guide pins and securely fixed with a clamp in 
preparation for evaluation of the coupling perfor- 
mance of the ferrules. The optical fibers used were 
single-mode fibers each having a core diameter of 

25 10 um and an outer diameter of 125 um. 

With 50 samples (n = 50) tested in the pres- 
ence of an index-matching get, the coupling loss 
was only 0.18 dB on average and 0.53 dB at 
maximum which was not much higher than the 

30 average value. As for the temperature characteris- 
tics, the samples experienced a loss variation with- 
in 0.1 dB in a heat cycle test ranging from -30°C to 
+70°C. These results were due to the improved 
thermal expansion characteristics of silicon over 

35 the conventionally used plastics. 

The coupling loss occurring in the ferrules of 
the present invention was very stable and exper- 
ienced a variation within 0.05 dB when they were 
subjected to a wet heat resistance test for 10 days 

40 at 80°C and 95% rh. After the ferrules had been 
subjected to 200 cycles (N = 200) of a 
connect/disconnect test the variation in the cou- 
pling loss was within 0.2 dB and, in addition, no 
unwanted phenomena such as wear and deforma- 
ns tion had occurred. 

Because of the nature of the machining tech- 
nique employed, perfectly straight V grooves were 
obtained and this prevented the bending of optical 
fibers in the guide capillary. Silicon can be machin- 

so ed very efficiently to achieve a grinding ratio of at 
least 30,000; it is also highly amenable to precision 
machining and the edge obtained is sharp enough 
to provide great facility in performing dimensional 
measurements on the edge. These advantages are 

55 also attained if glass or free-cutting ceramics are 
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used in place of silicon. Instead of low-melting 
glass, a low-viscosity resin which can be spin- 
coated such as a resist may be used as a thin-film 
forming adhesive. 

The multi-fiber optical connector ferrule of the 
present invention has the following advantages. 

(1) The guide capillary is formed of a hard 
and brittle material which can be machined by 
grinding to attain a high dimensional accuracy and 
production rate. In addition, the guide capillary 
formed of this hard and brittle material is free from 
any of the dimensional changes that frequently 
occur in the conventional product formed of mol- 
ded plastic parts. 

(2) Optical fiber guide grooves and guide pin 
grooves are formed by grinding, so that the chance 
of the bending of optical fiber guide holes is signifi- 
cantly lower than in the conventional product which 
is fabricated by using molding pins. 

(3) in the prior art, connector ferrules are 
coupled by means of metal guide pins that are 
inserted into the guide pin holes formed by plastic 
molding and the guide pin holes are highly prone 
to deform as a result of repeated 
connect/disconnect cycles of the guide pins. This 
problem of deformed guide pin holes is absent 
from the guide capillary of the present invention 
which is formed of a hard and brittle material. 

(4) The guide capillary which serves to fix 
optical fibers in alignment is made of a hard and 
brittle material. Since the hard and brittle material 
used in this invention will experience a by far 
smaller thermal expansion than the conventionally 
used plastics, the guide capillary attains significant 
improvement in matching with quartz-made optical 
fibers. 

(5) The hard and brittle material is less 
prone to produce burrs as a result of machining 
and the guide capillary made of this material even- 
tually provides facility in performing precise dimen- 
sional measurements. 

(6) The guide capillary can be effectively 
reinforced being accommodated in a housing. 

(7) The steps formed on the bottom surface 
of the lower housing provide ease in positioning the 
guide capillary and fixing an array of coated optical 
fibers in alignment. 

(8) Guide groove holes having high dimen- 
sional accuracy can be formed by bonding the 
guide substrate and the guide plate with an inter- 
vening thin film of low-melting glass. 

(9) the notch in the rear end of the lower 
housing provides an area which is to be pressed or 
urged with a clamp and this offers not only greater 
ease of assembling the connector ferrule but also 
improved uniformity in the pressure exerted on the 
ferrule. 



16 



(10) Since guide grooves having the same 
angle of are formed by machining with the same 
tool, precision working is achieved at a high pro- 
duction rate. 

5 (II) The grooves formed at the comers of the 

bottom of the lower housing not only provide chan- 
nels for relieving the adhesive used to bond the 
guide capillary to the lower housing but also elimi- 
nate the need to deburr the bottom edge of the 

io capillary. 

(12) The connector ferrule of the present in- 
vention can be fabricated at a very high production 
rate by employing a method that essentially con- 
sists of performing continuous machining to form 

75 guide grooves in the surface of a single wafer, then 
cutting the wafer to smaller functional chips. 

Figs. I4A and I4B are schematic drawings of an 
optical fiber connector having guide pin insertion 
holes each of which is provided with an enlarged- 

20 clearance providing portion according to a specific 
. embodiment of the present invention; Fig. I4A is a 
front view of a ferrule end, and Fig. I4B is a top 
view of the ferrule without the flat-surfaced plate 
shown in Fig. I4A. 

25 In Figs. I4A and I4B, the numeral I is a V- 

grooved substrate having optical fiber guide 
grooves 3 formed in its top surface and a guide pin 
hole 4 that is formed on both sides of the array of 
fiber guide grooves; 2 is a flat-faced plate that is 

30 joined onto the V-grooved substrate I; 48 is an 
enlarged-clearance providing portion that extends 
from the inlet portion of the guide pin hole 4 to a 
certain depth in its axial direction and the diameter 
of the inlet portion of 48 is larger than that of the 

35 guide pin. In Figs. I4A and I4B, 10 denotes an array 
of coated optical fibers and II signifies optical fibers 
that are fixed in alignment with the optical fiber 
guide grooves 3 in the substrate I. 

Fig. 15 is a top view of a ferrule 21 that is 

40 connected to another ferrule 21' having a different 
pitch of guide pin holes 4 than in the ferrule 21. As 
shown, each of the guide pins 22 inserted into both 
ferrules will deform in the enlarged-clearance pro- 
viding portion 48. 

45 As shown in Fig. 16, if the diameter of the guide 

pin 22, its Young's modulus, the amount of its 
deformation, and the sum of the axial lengths of the 
two coupled enlarged-clearance providing portions 
are written as d, E, 6 and 1, respectively, then the 

so bending stress, a b , and the shear force, r, develop- 
ing at the base of the guide pin 22 are expressed 
by: 
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a t = 



ZEd 



x = 



IF 



In order to ensure safe coupling of the two 
ferrules, c b , and r must not exceed the values 
tolerated by the guide pin 22. Needless to say, the 
ferrule itself must have a strength greater than 
these values. 

A simple calculation win clarify the point If the 
permissible bending stress on the guide pin 22 is 
K30 kg/mm 2 , E = 21,000 kg/mm 2 , d = 0.35 mm and 
5 = 0.005 mm, then X is 1.05 mm. In other words, 
the enlarged-clearance providing portion 48 in one 
ferrule must have an axial length of at least about 
0.53 mm. If the permissible shear stress on the 
guide pin is 35 kg/mm 2 , 1 is 0.65 mm under the 
conditions specified above. Since this value is 
smaller than 1.05 mm calculated for the bending 
stress, the only factor that should be considered in 
determining the length of the enlarged-clearance 
providing portion is the bending stress in the case 
being discussed. 

The shape of the enlarged-clearance providing 
portion may be such that it is generally tapered to 
a certain depth of the guide pin hole as shown in 
Figs. I4B to 16. Alternatively, it may be a combina- 
tion of a straight section that extends to a given 
depth and a tapered bottom section, tt should be 
noted that, various modifications may be made to 
provide an effective enlarged-clearance providing 
portion. 

The above description concerns a multi-fiber 
optical connector ferrule but it should be under- 
stood that the concept of the present invention is 
also applicable to a single-fiber optical connector 
ferrule. 

In the example of this embodiment a silicon 
substrate was machined to form V-shaped optical 
fiber guide grooves and guide pin grooves. A flat- 
faced plate was joined to the top of the substrate to 
make a ferrule. An enlarged-clearance providing 
portion was provided in each of the guide pin 
grooves as shown in Figs. I4A and I4B. Guide pins 
would be inserted into V-shaped guide pin grooves 
as if each of them was an inscribed circles of a 
triangle. The enlarged-clearance providing portions 
were formed to a depth of 0.6 mm with a drill 
having a diameter equal to that of a circle cir- 
cumscribed about the triangular shape of each 
guide pin groove. 



Rom the so fabricated samples of multi-optical 
fiber connector ferrule, those having a pitch of 
guide pin holes within the range of 4 mm t. 0.002 
mm were selected and were randomly coupled by 

5 means of guide pins each having a diameter of 
0.35 mm. Satisfactory coupling could be achieved 
even when the clearance between guide pins and 
guide pin holes was approximately 0.5 urn. 

Two arrays of 8 single-mode optical fibers with 

70 a core diameter of 10 urn were connected with any 
two samples of the ferrule. For all the samples 
tested, the coupling loss was 0.35 dB on average 
and 0.82 dB at maximum. This data shows that any 
variation that occurred in the pitch of guide pin 

15 holes between two ferrules had been effectively 
absorbed. 

As described in the foregoing pages, the op- 
tical fiber connector ferrule of the present invention 
has an enlarged-clearance providing portion formed 

20 in each of the two guide pin holes. Since any 
variation that occurs in the pitch between guide pin 
holes between two ferrules can be effectively ab- 
sorbed by permitting inserted guide pins to deform 
in these enlarged-clearance providing portions, sat- 

25 isfactory coupling of optical fibers can be achieved 
consistently by using the ferrule of the present 
invention. 

The enlarged-clearance providing portion also 
serves as an effective means for guiding the inser- 

30 tion of guide pins. In addition, any dust particles or 
those particles which are scraped off as a result of 
repeated mounting or dismounting of guide pins 
will be conducted into the enlarged-clearance pro- 
viding portion, so that two ferrules can be directly 

35 coupled to each other without damaging their mat- 
ing end surfaces. 

Figs. I7A and I7B show a further embodiment 
in which the optical fiber guide member 50 is 
accommodated in a clamp member 52 and 

40 clamped thereby under pressure. In order to en- 
sure that sufficient pressure is exerted on the guide 
member 51, two longitudinally extending ridges 53 
are provided on the interior wall of the clamp 
member 52. In addition, the damp member 52 is 

45 exposed in its rear portion such that its top surface 
provides an area 54 where the array of coated 
optical fibers 10 is to be fixed. 

The clamp member 52 has a window 55 in its 
top surface which is situated above the optical fiber 

so guide member 51. This window 55 permits the 
operator not only to observe the optical fibers II 
inside the damp member but also to irradiate the 
fibers with ultraviolet rays for curing the resin used 
as a fiber fixing adhesive. These two purposes can 

55 be attained more easily if the fiat plate 2 is formed 
of a uv radiation permeable material such as glass 
or an acrylic resin. 
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In order to facilitate the operations of grinding 
and polishing the end surface of the optical fiber 
guide member 52, its end is rendered to project 
slightly from the clamp member 52 as shown in 
Fig. I76. Alignment between the fiber guide mem- 
ber 51 and the clamp member 52 is attained by a 
step 56 provided on the interior wall of the clamp 
member. The rear end of the clamp member 52 
has a notch 43 which is to engage a clip that exerts 
pressure for fixing the two mating connectors. 

As described above, the clamp member 52 
serves the following purposes: (i) it clamps the flat 
plate 2 and the grooved substrate I under pressure 
to form a unitary optical fiber guide member 51; (ii) 
it provides the area 54 where the array of coated 
optical fibers A is to be fixed; (iii) it offers a notch 
43 which is to be pressed when the two mating 
connectors are coupled with a clip or any other 
fastening device; (iv) it provides a window 55 
through which the operator can apply ultraviolet 
radiation and observe optical fibers II when he is 
fixing them in grooves with the aid of a uv curable 
adhesive resin; and (v) it protects the optical guide 
member 51 which is formed of a hard and brittle 
material. 

In this embodiment two grooves for insertion 
of guide pins (0.3 mm$ and twelve grooves for 
insertion of optical fibers (0.I25 mm4) were cut in 
the top surface of a silicon substrate. A glass plate 
was joined to the top of the grooved substrate, with 
an intervening thin adhesive film being present in a 
thickness of about 0.3 urn, so as to make an 
optical fiber guide member. The glass plate was 
shorter than the grooved substrate such that the 
optical fiber grooves would become exposed in the 
guide member by a length of about I mm. 

A clamp member was made by injection mold- 
ing of a resin and a window was formed in its top 
in an area corresponding to part of the optical fiber 
grooves. As shown in Fig. I7A, two longitudinally 
extending ridges were formed on the interior wall of 
the clamp member so as to ensure uniform ap- 
plication of pressure on the optical fiber guide 
member. The fiber guide member was fixed in the 
clamp member by means of internal bonding. 

An array of twelve single-mode fiber (core di- 
ameter, 10 urn; outside diameter, I25 urn) were 
inserted into the so fabricated connector and, after 
injecting a uv radiation curable adhesive, ultraviolet 
radiation was applied to complete the fixing of the 
optical fibers and the array of coated optical fibers 
in one operation. The curing of the adhesive was 
completed in about 30 seconds. The curing opera- 
tion was performed with the exposed area of guide 
pin holes being sealed with rubber or other suitable 
materials so that the adhesive would not flow into 
the guide pin grooves. 



Twenty samples (n = 20) of the so fabricated 
12-single-rnode fiber connector were evaluated for 
their performance. They achieved an average cou- 
pling loss of 0.I8 dB with an index-matching me- 

6 dium. The lateral offset between cores was only 
about I urn. The coupling loss variation was no 
more than 0.05 dB in a heat cycle test ranging 
from -30°C to + 70°C. The connecting and dis- 
connecting characteristics of the connectors were 

to also very stable and the variation in coupling loss 
was within ±0.07 dB after 100 connect/disconnect 
cycles. 

In the example discussed above, the grooved 
substrate was made of silicon but, needless to say, 

76 it may be formed of glass or a free-cutting ceramic. 
In the example discussed above, the clamp 
member was made by plastic molding which is a 
fabrication technique adapted to mass production. 
Alternatively, the clamp member may be formed 

20 by pressing a metallic material with dies. If desired, 
the clamp member may be formed of a metal-resin 
composite; in this case, the composite may as- 
sume a variety of constructions, for example, a 
metal clip being used to form a portion that cor- 

25 responds to the optical fiber guide member while 
the rear portion which provides an area for fixing an 
array of coated optical fibers is formed of a molded 
resin part in which the metal clip is inserted. 

The window formed in the top of the clamp 

30 member may be of any sufficient size to permit the 
curing of internally injected resin with ultraviolet 
radiation and need not be targe enough to render 
all of the optical fibers exposed. Since the ul- 
traviolet radiation launched into the clamp member 

35 will travel along the fiber grooves as it is reflected 
randomly, the resin will cure even if it is within an 
area that is not beneath the window. For the pur- 
pose of bonding the optical fibers at high speed, 
irradiation of an uv curable adhesive with ultraviolet 

40 radiation is an effective method. However, a ther- 
mosetting resin or a two-part adhesive may be 
used as in the prior art. Even in this case, the 
presence of the window and the use of the trans- 
parent flat plate will allow the operator to observe 

45 the inside of the clamp member for checking the 
degree of resin filling or the presence of any un- 
wanted bubbles. 

The optical fiber connector discussed above 
has the following advantages. 

so (I) Clamping of the optical fiber guide mem- 

ber with the clamp member ensures the protection 
of a reliable joint between the two components of 
the guide member, viz., the flat plate and the 
grooved substrate. 

55 (2) The flat plate which is formed of a trans- 

parent material and the provision of a window in 
the clamp member allow for easy checking of the 
optical fibers placed in the fiber guide member. In 

11 
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addition, a uv radiation curable resin can be used 
as an adhesive for toe connection of optical fibers 
and this allows the optical fibers to be bonded and 
fixed within an appreciably reduced period of time. 

(3) The clamp member attains the following 
objects simultaneously: formation of an area where 
an array of coated optical fibers can be fixed; 
formation of an area which can be pressed with a 
resilient clip, and protection of the optical fiber 
guide member. 

(4) The longitudinally extending ridges that 
are formed on the interior wall of the clamp mem- 
ber facilitate uniform compression of the optical 
fiber guide member. 

(5) The grooved substrate of the optical fiber 
guide member Is formed of a hard and brittle 
material such as silicon and affords superior di- 
mensional stability because said material has small 
thermal expansion coefficient and does not swell 
upon absorption of moisture. In addition, the sub- 
strate is free from burring and is adapted to mea- 
surements with high accuracy. 

(6) An optical fiber connector can be readily 
assembled by simply inserting an optical fiber 
guide member into a clamp member that has been 
fabricated in a separate step by injection molding 
or any other suitable technique. 

Rgs. I8A through 18D show schematic drawings 
of an optical fiber connector which is held in place 
under pressure within a generally rectangular 
sleeve according to a still further embodiment of 
the present invention for holding optical fibers in 
alignment; Rg. I8A is a perspective view of a 
perspective view of an optical fiber guide member 
51 for holding optical fibers in alignment; Rg. I8B is 
a perspective view of a generally rectangular 
sleeve for fixing the optical fiber guide member 51 
in place under pressure. Rg. I8C is a longitudinal 
section of the optical fiber connector of the present 
invention in which optical fibers II and an array of 
coated optical fibers 10 are held in alignment; and 
Rg. I8D is a front view of the right-hand end of Rg. 
I8C with the optical fibers and the array of coated 
fibers being taken away. 

The optical fiber of the present invention is 
basically composed of the optical fiber guide mem- 
ber 51 and the generally rectangular sleeve 60 as 
shown in Rg. I8B. The optical fiber guide member 
51 consists of a grooved substrate I having optical 
fiber guide grooves 3 and guide pin grooves 4 
formed in its top surface, and a flat plate 2 that is 
joined to said substrate by means of intervening 
adhesive layer 16. This optical fiber 1 is accom- 
modated and fixed under pressure in the sleeve 60. 

As described above, the optical fiber guide 
member 51 is an assembly of the grooved substrate 
I and the flat plate 2 that have been joined to- 
gether. The operator may simply insert optical fiber 



II into the respective guide grooves 3 without fol- 
lowing the complicated procedures of assembling 
the conventional stficon chip array connector, which 
involve placing optical fibers on one etched silicon 

5 chip guide, then placing the other chip in alignment 
with the fibers. In order to facilitate the insertion of 
optical fibers It, the optical fiber guide member 51 
has in its rear portion an area 5 where part of the 
fiber guide grooves 3 is exposed. The rear portion 

w of the guide member 51 also has a step which 
serves as an area 54 where an array of coated 
optical fibers 10 is to be fixed. 

The grooved substrate I is preferably made of 
silicon which is adapted to high-precision grinding 

75 work but free-cutting ceramics, glass or high-preci- 
sion molded plastic parts that experience low ther- 
mal expansion and moisture absorption may be 
used depending upon a specific application of the 
connector. The flat plate 2 may be formed of 

20 silicon or glass but if one wants to observe the 
inside of the fiber guide member or fix optical 
fibers II in the grooves 3 with a uv radiation curable 
adhesive, the flat plate Is preferably made of glass 
which is permeable to ultraviolet radiation. For the 

25 purpose of making small optical fiber grooves 3 
and large guide pin grooves 4 in the substrate I, 
grinding (shaving) with a V-shaped whetstone is an 
efficient method. However, the same purpose may 
be attained by performing photoetching under con- 
st? trolled conditions or by conducting plastic molding 
with a precision mold. The connectors shown in 
Rg. I8A through 180 and ISA through 19E are in- 
tended for connecting multiple fibers but it should 
of course be understood that the concept of the 

35 present invention is also applicable to a single-fiber 
connector. 

As shown in Rg. I8B, the generally rectangular 
sleeve 60 has a cantilevered, elastic compression 
imparting plate 63 formed in its top surface in an 

40 area where the flat plate 2 of the fiber guide 
member 51 is located. The elastic compressive 
force exerted by the plate 63 allows the fiber guide 
member 51 in the sleeve 60 to be fixed under 
pressure. The upper part of the rear end of the 

45 sleeve 60 is cut out and this cutout 61 allows for 
easy insertion of optical fibers II. The rear end of 
the sleeve also has an area 62 which is to be 
pressed with a fastener. By coupling two connec- 
tors with a fastener which is to press a pressure 

so portion 62, the grooved substrate I which is made 
of a hard and brittle material such as silicon is 
protected against damage. The generally rectangu- 
lar sleeve 60 is preferably formed by pressing or 
punching of a metal but it may also be formed by 

55 plastic molding. 
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Figs. 19A to I9E show various modifications of 
the generally rectangular sleeve 60. The sleeve 
shown in Fig. I9A has a clamp plate 64 on its top 
that extends laterally from opposite sides so as to 
exert an elastic compressive force on the fiber 
guide member 51. The sleeve shown in Fig. 19B has 
dips 65 formed in its top surface so that they will 
exert an elastic compressive force on the guide 
member 51. If an uv radiation curable adhesive is 
used to fix optical fibers II, a generally rectangular 
sleeve 60 having laterally extending clamp plates 
64 on both sides is preferably used (see Fig. I9C); 
in this case, a window 66 is formed between the 
clamp plates so that ultraviolet radiation 67 can be 
applied through the window. Fig. I9D shows an 
embodiment where the area for fixing an array of 
coated optical fibers is not formed in the fiber 
guide member 51; instead, a step 68 is formed in 
the rear portion of the generally rectangular sleeve 
60 so as to provide an area for fixing the array of 
coated optical fibers. In this case, the other areas 
of the interior of the sleeve will serve as a guide for 
positioning the grooved substrate 1. In the embodi- 
ment shown in Fig. 19E, a reinforcing plate 69 for 
fixing the array of coated fibers is combined with a 
step 54 in the rear portion of the fiber guide mem- 
ber 51; this arrangement is effective to increase the 
length of bonding of the array of coated fibers so 
as to ensure reliable fixing of the fiber array. 

The other method of inserting optical fibers II 
into the fiber guide grooves 3 in the guide member 
51 are hereunder described with reference to Fig. 
20. As shown in Fig. 20, the grooved substrate I 
and the fiat plate 2 may be bonded by spin coating 
an adhesive resin 16 in a thin film, say, no thicker 
than 0.5 um, and optical fibers II are inserted into 
the resulting fiber guide holes 3'. 

Fig. 21 shows two units of the connector of the 
present invention that are coupled to each other 
with a fastener 70. In each unit, the optical fiber 
guide member 51 is accommodated in the generally 
rectangular sleeve 60 by one of the methods de- 
scribed above. Fig. 22 shows a modified method of 
coupling the two connectors; In this case, the two 
connectors are pressed into a generally rectangular 
sleeve 71 having lateral clamp plates and are coup- 
led together with a fastener 70. The use of the 
second generally rectangular sleeve 71 has the 
advantage that the fiber guide member 51 will have 
no lateral offset with respect to the first generally 
rectangular sleeve 60. If the outer surface of the 
sleeve 60 of one connector is brought into align- 
ment with the sleeve of the other connector to be 
coupled, guide pins can be readily inserted into the 
guide pin holes 4 in the fiber guide member 51, to 
thereby provide easier coupling of optical fibers in 
a highly consistent manner* 



In the exampel, twelve optical fiber guide 
grooves were formed in the surface of a silicon 
wafer. The pitch between adjacent grooves was 
0.25 mm. A groove for insertion of a 0.3 mm<f> 

5 guide pin was formed on both sides of the array of 
fiber guide grooves. A flat glass plate was joined to 
the grooved surface of the silicon wafer by means 
of a thin adhesive film of 0.3 um thick. The assem- 
bly was cut into discrete chips of optical fiber guide 

10 member. An area where part of the optical fiber 
guide grooves would be exposed and an area 
where an array of coated optical fibers was to be 
fixed were formed in the same step as the assem- 
bly was cut into discrete chips. 

75 A generally rectangular sleeve of the type 

shown in Fig. I9A was formed from a metal sheet 
having a thickness of 0.2 mm. Each of the chips of 
optical fiber guide member was accommodated in 
the generally rectangular sleeve and the so assem- 

20 bled optical fiber connector has an overall length of 
about 10 mm, with the width and height not exceed- 
ing 6 mm and 2.5 mm, respectively. 

Twelve single-mode fibers (core diameter, 10 
um; outside diameter, I25 um) were inserted into 

25 the connector and fixed with a uv radiation curable 
resin. These operations could be completed within 
a period of only 10 minutes. 

Thereafter, the end surface of the connector 
was ground and polished. Two samples of the so 

30 prepared connector were coupled with guide pins 
(0.3 mm$) and fixed with a fastener. For fifty con- 
nected samples (n = 50), the coupling loss was 
very low and only 0.23 dB on average. The tem- 
perature characteristics of these samples were very 

35 stable and the variation in coupling loss was within 
±0.08 dB in a heat cycle test ranging from -30° C to 
+ 70°C. In a connect/disconnect test (n = 20), the 
connector end faces of some samples were nicked 
but the variation in coupling loss was not great 

40 enough to potentially cause problems in practical 
applications because the difference between the 
initial coupling loss and that after the 20th connec- 
tion was within ±0.1 dB. 

The optical fiber guide of the connector had 

45 good handling properties since it was protected by 
the generally rectangular sleeve. In addition, the 
fiber guide was so smalt in size that it was found to 
be well adapted for use with connector-equipped 
optical cables. 

so The optical fiber connector of the present in- 

vention has the following advantages. 

(I) Insertion of optical fibers and assembly of 
a connector can easily be accomplished since an 
optical fiber guide member is preliminarily fab- 

55 ricated by joining a grooved substrate and a flat 
plate. Optical fibers can be inserted into the fiber 
guide member with greater ease if an area where 
part of the optical fiber guide grooves becomes 
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exposed is formed in that guide member and if a 
cutout is formed m the upper portion of the rear 
end of the generally rectangular sleeve in which 
the guide member is to be accommodated. 

(2) If an area where an array of coated 
optical fibers is to be fixed is formed in the rear 
portion of the optical fiber guide member, small 
connectors can be assembled in a high production 
rate. 

(3) The optical fiber guide member is elas- 
tically clamped with the generally rectangular 
sleeve so that the connector will perform in a 
reliable manner without causing separation be- 
tween the components of the guide member. For 
instance, no appreciable variation in coupling loss 
occurred in a test that was conducted for I00 hours 
at 80°C and 90% RH. 

(4) The circumference of the optical fiber 
guide member is protected with the generally rec- 
tangular sleeve. The reinforcing effect of the sleeve 
is particularly great when the guide member is 
made of a hard and brittle material such as silicon. 
If the rear end surface of the generally rectangular 
sleeve is provided with an area that is to be 
pressed with a fastener, two connectors can be 
coupled with a fastener without causing any dam- 
age to the fiber guide member. 

(5) If the flat plate is made of a transparent 
material and a window is opened in the top surface 
of the generally rectangular sleeve, optical fibers 
inserted into the guide member can be fixed with a 
uv radiation curable adhesive, in which case the 
resin curing time which has been about 30 minutes 
in the prior art is reduced to less than I minute. 

(6) An area for fixing an array of coated 
optical fibers can also be provided by forming a 
step in the rear portion of the generally rectangular 
sleeve. 

(7) More reliable fixing of an array of coated 
fibers can be achieved by using a reinforcing plate 
for fixing the coated fiber array. 

(8) An enlarged clearance that facilitates the 
insertion of optical fibers can be formed by using 
large diameter guide pins or a heat-deformable hot 
melt adhesive. After the fibers are inserted into this 
enlarged clearance, the elastic compressive force 
of the generally rectangular sleeve effectively 
works to reduce the clearance and damp the cir- 
cumferential surface of each optical fiber. 

The machining method of the present invention 
will be described hereafter with reference to the 
accompanying drawings. 

First during the experiential process, the fol- 
lowing method has been carried out by the in- 
ventors. 



As shown in Fig. 23A, a substrate plate I hav- 
ing multiple sets of optical fiber guide grooves 3 
and guide pin grooves 4 formed in its top surface 
is cut along several lines in two different directions, 
5 one direction II4 being parallel to the grooves 3 and 
4 and the other direction IIS being perpendicular to 
the direction U4, so as to obtain a plurality of chips 
G that serve as substrates provided with guide 
grooves. 

ro In a similar manner, a flat plate 12 is cut along 

several lines in two directions II8 and II9 that are 
perpendicular to each other, so as to obtain a 
plurality of flat plate chips D (see Fig. 23B). In 
order to facilitate the insertion of optical fibers into 

75 the optical fiber guide grooves 3, an individual flat 
plate chip D is made shorter than an individual 
substrate C so that part of the fiber guide grooves 
3 formed in the substrate C will become exposed 
(see Fig. 23C). 

20 Thereafter, the flat plate chip D is bonded to 

the substrate chip C with a thin film of adhesive 
(see Fig. 23D). The end surface of the assembly is 
ground and polished to achieve the degree of flat- 
ness required for subsequent dimensional check- 

25 ing. Multiple optical fibers are then inserted into the 
guide grooves 3 and fixed in position by means of 
an adhesive. The end surface of the assembly is 
again ground and polished to obtain a multi-fiber 
optical connector ferrule. Before insertion of optical 

30 fibers, the end surface of the assembly is ground 
and polished to the degree of flatness required for 
dimensional checking because any substantial step 
present on the end surface will necessitate more 
than one focusing operation with a microscope 

35 during a single dimensional measurement. 

However, the above-described first method of 
machining an optical fiber connector ferrule has the 
following problems. 

(1) Cutting the substrate plate I and the flat 
40 plate 2 in different steps before joining individual 

substrate and flat plate chips together is quite time- 
consuming. 

(2) Separated substrate chips C and fiat 
plate chips D are too small to be handled efficiently 

45 and much time is required for joining them into an 
assembly. 

(3) Great difficulty is involved in joining the 
substrate chip C and the flat plate chip D in such a 
manner that they are in complete registry at one 

so end. This requires the residual edge mismach 
(indicated by I in Rg. 23D) to be eliminated by 
grinding and polishing operations before dimen- 
sional measurement is conducted. 

The second machining method of the present 

55 invention is hereinafter described with reference to 
Figs. 24A and 24E. 
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As shown in Figs. 24A and 24B, the latter 
being a cross section of Fig. 24A, a substrate plate 
I which has in its top surface more than one set of 
guide grooves, each set consisting of a plurality of 
optical fiber guide grooves 3 and a guide pin 
groove 4 which is provided on both sides of each 
set of fiber guide grooves 3. is overlaid with a flat 
plate 2 with a thin film of adhesive agent 16 such as 
a photo-resist being present between the substrate 
plate and the flat plate, and the two members are 
joined together (see Fig. 24C). The adhesive agent 
16 is applied to the entire surface of the flat plate 2 
by spin coating, sputtering or vacuum vapor. The 
layer of adhesive agent 16 will vary with the specific 
use of the positioning member but spin coating is 
preferably performed with the rotational speed, res- 
in material, temperature and other conditions being 
selected so as to attain a layer thickness of about 
0.3 urn. In this case, small grooves may be formed 
either on the substrate plate I or on the flat plate 2 
or on both plates so as provide an increased area 
of bonding and this is an effective method for 
attaining a stronger bond between the two plates. 

The so prepared guide member B is machined 
in a direction IIS parallel to the optical fiber guide 
grooves and in a direction II4 perpendicular to the 
direction II5 as shown in Fig. 24D, with the same 
cutting wheel being used to perform two machining 
operations, one intended for rendering part of the 
optical fiber guide grooves 3 exposed and the 
other for cutting the guide member B into discrete 
chips. In the first operation, a cutting edge 80a is 
applied through the flat plate 2 into a depth not 
exceeding the depth of the fiber guide grooves 3 
so that a predetermined area of the flat plate 2 is 
removed to provide an area 5 where part of the 
fiber guide grooves 3 is exposed. In the cutting 
operation, the guide member B is cut with a cutting 
edge 80b to obtain discrete chips of guide member 
51 (see Fig. 24E). 

The same cutting wheel is employed in order 
to perform the two operations in a continuous fash- 
ion. If the width of the cutting edge is smaller than 
the length of the exposed area 5, the first operation 
may be carried out at several states until the in- 
tended length of exposed area is attained. 

The discrete chips of guide member 51 pro- 
duced by the above-described method of machin- 
ing have flat cut surfaces at their end and need not 
be subjected to end preparation that is required in 
the first method of the invention before performing 
dimensional inspection. In addition, there is no 
need to join the individual chips to each other. As a 
result, the overall time of machining is significantly 
reduced to ensure substantial improvement in the 
production rate. 



The foregoing description concerns the case 
where the machining method of the present inven- 
tion is used to fabricate a multi-fiber optical con- 
nector ferrule. The method is also applicable to the 

5 machining of a multi-fiber precision sleeve or splic- 
er having the construction shown in Fig. 25, 
wherein only optical fiber guide grooves 3 are 
formed in a guide substrate I and a flat plate 2 is 
placed on the substrate in such a manner that the 

ro guide grooves are exposed on both sides of the 
plate 2. in this case, the flat plate 2 is preferably 
made of glass or any other transparent material 
that enables the operator to check to see if optical 
fibers are correctly connected in the sleeve. 

75 Another application of the machining method of 

the present invention is shown in Figs. 26A and 
26B. In this application, a step H for providing an 
area P where an array of coated optical fibers 10 is 
to be fixed can be produced by performing multiple 

20 machining operations with the same grindstone. 
For instance, in order to produce a fiber array 
fixing area P having a length of 5 mm, at least five 
stages of machining may be performed with a 
grinding wheel having an edge width of no less the 

25 I mm. 

The machining method of the present invention 
was used to make discrete chips of guide member 
from a starting guide member that consisted of a 
flat silicon plate joined to a substrate plate pre- 

30 pared by forming more than one set of guide 
grooves (each consisting of a plurality of optical 
fiber guide grooves and a guide pin groove dis- 
posed on both sides of each set of fiber guide 
grooves on a silicon wafer by a grinding technique. 

35 In the example, grooves 20 urn deep were cut 

in the surface of the flat silicon plate in order to 
provide an increased area of bonding. A low-vis- 
cosity adhesive agent was spin-coated onto the 
grooved surface of the flat plate to form an adhe- 

40 sive layer in a thickness of 0.2 nm. The flat plate 
was then placed, with the adhesive-coated surface 
facing down, on top of the grooved substrate plate, 
and the two members were joined together with a 
pressure of 0.I kg/cm 2 being applied at about 80 °C 

45 for I hour. 

The so prepared starting guide member was 
machined with a diamond wheel (edge width: I 
mm) so as to provide an area where part of the 
fiber guide grooves was exposed. Using the same 

so wheel, the guide member was cut into discrete 
chips of a multi-fiber optical connector ferrule hav- 
ing the construction shown in Fig. 5. 

Compared with the first machining method, the 
second method of the present invention obviated 

55 not only the need to join individual chips but also 
the need to effect end preparation by subsequent 
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polishing and grinding techniques and, as a result, 
the production rate achieved by this method was at 
least several tens of times higher than the conven- 
tional method. 

While the method of the present invention has s 
been described with reference to the production of 
a member that is intended for positioning multiple 
optical fibers, it should be understood that the 
method is also applicable to the production of 
single-fiber connectors, precision sleeves and w 
splicers, and that the multiple optical fibers which 
are to be positioned by said member may be a 
strand of single coated fibers or a flat array of 
coated fibers formed into a tape. 

According to the second machining method of 75 
the present invention, the following advantages are 
attained. 

(1) In the first method, individual chips have 
to be joined together but this is unnecessary in the 
second method of the present invention and signifi- 20 
cant improvement in the production rate is 
achieved. 

(2) Since the chips produced by cutting the 
substrate plate and the fiat plate after they have 
been joined together have flat ends, they need not 25 
be subjected to further end preparation by grinding 

and polishing work as in the first method and 
attendand improvement in the production rate is 
attained. 

(3) An operation for producing an area where 30 
part of the optical fiber guide grooves is exposed 

and the step of cutting the starting guide member 
into discrete chips can be accomplished continu- 
ously using the same cutting wheel and this also 
leads to a improved production rate. 35 

(4) The substrate plate can be joined to the 
flat plate by spin coating with a thin adhesive film 
being formed between the two plates. 

(5) An even stronger bond can be attained 
between the substrate plate and the flat plate by 40 
joining them together with small grooves being cut 

in either plate or both plate in order to provide an 
increased area of bonding. 

(6) If formation of a step that produces an 
area for fixing an array of coated optical fibers is 4s 
effected is included within the machining method of 

the present invention, the discrete chips of posi- 
tioning member alone are sufficient to fix an array 
of coated fibers and there is no need to combine 
them with any other component to form an area for 50 
fixing the array of coated fibers. This contributes to 
an appreciable improvement in the production rate 
of optical fiber connectors, precision sleeves and 
splicers. 

As described above, the optical connector and 55 
splicer according to the present invention can re- 
alize high-precision coupling of optical fibers and 
be constructed at a high production rate. 



Claims 

1. An optical connector including an optical fiber 
positioning member for use in an optical coupling 
of optical fibers, said coupling being assisted by at 
least two guide pins, said connector comprising: 

a substrate plate having at least one optical fiber 
groove and guide pin grooves each formed at one 
surface thereof for positioning said at least one 
optical fiber and said guide pins, respectively; and 

a flat plate mounted on said substrate plate, and 
having a flat surface confronting with said one 
surface and having a length shorter than said sub- 
strate plate, said flat plate being joined to a part 
area of said substrate plate for defining at least one 
optical fiber groove hole and guide pin groove 
holes, a remaining area of said substrate plate, 
where said flat plate is not joined, defining an 
exposed area for facilitating an insertion of said 
optical fiber into said optical fiber groove hole, said 
positioning member comprising said substrate and 
flat plates. 

2. An optical connector as claimed in claim I, 
wherein said substrate and flat plates are made of 
a hard and brittle material. 

3. An optical connector as claimed in claim (, 
said positioning member further comprising an ad- 
hesive thin layer formed between said substrate 
plate and said flat plate for bonding said flat plate 
to said part area of said sub strate plate. 

4. An optical connector as claimed in claim 2, 
wherein said hard and brittle material is formed of 
silicon. 

5. An optical connector as claimed in claim 2, 
wherein said hard and brittle material is formed of 
ceramics. 

6. An optical connector as claimed in claim 2, 
wherein said hard and brittle material is formed of 
glass. 

7. An optical connector as claimed in claim 3, 
wherein said adhesive thin layer is made of a low- 
viscosity and spin-coatable resin. 

8. An optical connector as claimed in claim 7, 
wherein said low-viscosity and spin-coatable resin 
is a photoresist. 

9. An optical connector as claimed in claim I, 
further comprising a housing which surrounds said 
positioning member for protecting and pressing 
said positioning member. 

10. An optical connector as claimed in claim I, 
wherein each of said guide pin groove holes has an 
open end portion, which portion provides enlarged 
clearance. 

11. An optical connector as claimed in claim I, 
wherein said optical fiber groove and said guide 
pin grooves are V-shaped. 
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12. An optical connector as claimed in claim II, 
wherein said optical fiber groove and said guide 
pin grooves have the same angle of V. 

13 An optical connector as claimed in claim I, 
said optica) fiber groove hole and guide pin groove 
holes are defined by an inscribed circle of a tri- 
angle. 

14. An optical connector as claimed in claim I, 
wherein said positioning member has a step at a 
side of said exposed area for fixing a coated op- 
tical fiber. 

15. An optical connector as claimed in claim l t 
wherein said flat plate is made of a transparent 
material. 

16. An optical splicer for permanently connect- 
ing an optical fiber, comprising: 

a substrate plate having at least one optical fiber 
groove formed on an upper surface thereof for 
positioning said at least one optical fiber along said 
optical fiber groove; 

a flat plate having a length shorter than said 
substrate plate, said flat plate being joined to a part 
area of said substrate plate for defining at least one 
optical fiber groove hole, remaining area of said 
substrate plate, where said flat plate is not joined, 
defining exposed areas for facilitating an insertion 
of said optical fiber into said optical groove hole, 
said exposed areas being formed on both longitudi- 
nal sides of the upper surface of said substrate 
plate, said substrate plate and flat plates being 
made of a hard and brittle material. 

17. An optical splicer as claimed in claim 16, 
wherein said flat plate is made of a transparent 
material. 

18. A method of machining a optical connector 
and a splicer having a positioning member com- 
prising the steps of: 

preparing a substrate plate assembly from a 
single wafer made of a hard and brittle material; 

continuously forming a predetermined pattern of 
optical fiber grooves and guide pin grooves on a 
surface of said substrate plate assembly; 

bonding at least one flat plate to said surface of 
said substrate plate assembly with an adhesive thin 
layer so that optical fiber groove holes and guide 
pin groove holes are provided; 

cutting a bonded assembly into sections each 
having predetermined dimensions of said position- 
ing member; 

inserting optical fibers from at least one side of 
said positioning member into said optical fiber 
groove holes; and 

fixing inserted optical fibers in said optical fiber 
groove holes by bonding with an adhesive. 

19. A method as claimed in claim 18, wherein 
said groove forming step is performed by using a 
single cutting tool selectively varying cutting depth. 



deep cutting corresponding to said guide pin 
grooves, and shallow cutting corresponding to said 
optical fiber grooves. 

20. A method as claimed in claim 18, wherein 
s said cutting step is performed by cutting parts of 

said flat plate to remove at least said parts, to 
provide an exposed area for facilitating an insertion 
of optical fibers into said optical fiber groove holes, 
and by cutting completely said bonded assembly, 
10 to provide respective positioning members. 

21. A method as claimed in claim 20, further 
comprising the step of cutting a part of said sub- 
strate plate to provide a step for receiving coated 
optical fibers. 

is 22. A method as claimed in claims 20 and 21, 

wherein said cuttings are carried out by using a 

single whetstone. 

23. A method as claimed in claim 18, wherein 

said bonding is performed by spin coating. 
20 24. A method as claimed in claim 18, wherein 

said bonding is performed by sputtering. 

25. A method as claimed in claim 18, wherein 
said bonding is performed by vacuum vapor. 

26. A method as claimed in claim 18, wherein 
25 said bonding is performed by photo-resist method. 
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